here is variation of repolarization across the ventricular myocardium in normal 1 and diseased hearts, [2] [3] [4] and there is strong experimental evidence linking the vulnerability of ventricular myocardium to arrhythmias with increased dispersion of refractoriness. This variation in the recovery time is widely accepted as an important factor in the pathogenesis of ventricular arrhythmias because it increases the vulnerability to ventricular re-entry. Previous work has shown that the QT interval varies from lead to lead of the surface ECG, creating QT dispersion, 1 which represents the regional difference in repolarization. 1, 2, 5 Ventricular arrhythmias are frequently observed during balloon inflation for percutaneous transluminal coronary angioplasty (PTCA) and this study investigated the relation of the QT interval dispersion to PTCA-induced ventricular arrhythmias.
Methods

Patient Selection
Inclusion criteria for this study were (1) angina pectoris (typical chest pain within 2 weeks of enrolment; transient ischemic ST depression ≥0.1 mV during chest pain), (2) stable on conventional medication, (3) angiographically significant stenosis (≥75%) in segment 6 or 7 of the anterior Japanese Circulation Journal Vol.65, September 2001 descending coronary artery, and (4) candidate for elective PTCA. From September 1994 through December 1995, 51 consecutive patients with stable effort angina were admitted to hospital for PTCA and of these, 26 patients met the study criteria. The remaining 25 were diagnosed as postmyocardial infarction angina, and were excluded because of their previously damaged myocardium. The remaining 26 patients had normal left ventricular function on cardiac ultrasound examination and/or left ventriculogram. Four other patients were excluded: 3 with atrial fibrillation and 1 with complete right bundle branch block.
Study Protocol
Two days prior to angiography, all patients were weaned from their medications except for sublingual nitroglycerin. Coronary angioplasty was performed using the Judkins technique. Hydroxyzine pamoate (25 mg) was administered subcutaneously 30 min before the procedure as a tranquillizer. Sodium heparin (10,000 unit) was injected intrave- The present study investigated the role of the dispersion of QT interval in percutaneous transluminal coronary angioplasty (PTCA)-induced ventricular tachyarrhythmias. Patients with effort angina without a previous myocardial infarction (n=22), who had single-vessel disease of the anterior descending coronary artery (LAD), underwent PTCA if the coronary lesion was 75% or more stenosed in segment 6 or 7 of the LAD. The standard 12-lead ECG was continuously recorded during the procedure. Averaged QTc and QTac intervals, where QTac was the interval from the beginning of QRS complex to the nadir of T wave corrected by Bazett's formula, did not change significantly during PTCA. Of the 22 patients, 7 showed ventricular arrhythmias during PTCA. The maximum difference (∆QTc) and the standard deviation (QTcSD) of the corrected QT interval in the standard 12-lead ECG increased significantly during PTCA in the 7 patients with ventricular arrhythmias, whereas they decrreased in the 15 patients without ventricular arrhythmias. ∆QTac and QTacSD were not affected by PTCA regardless of ventricular arrhythmias, which shows that the increases in the variation of the ventricular repolarization process play a role in PTCA-induced ventricular arrhythmias. nously just before the catheterization. Sublingual nitroglycerin was given before the guiding catheter was positioned in the coronary ostium and every 30 min thereafter. The balloon was inflated in the anterior descending coronary artery for 90 s, unless the patient experienced severe chest pain, or hemodynamic instability (0/22). The standard 12-lead ECG was continuously recorded throughout the procedure. At T1 (before balloon inflation), T2 (60 s after balloon inflation) and T3 (3 min after balloon deflation), the paper speed was increased to 50 mm/s for measurements and data were obtained from the first inflation (Fig 1) . None of the patients within the study required antiarrhythmic medication during the PTCA procedure.
To investigate the relationship between the QT intervals and ventricular arrhythmias during PTCA, we divided the patients into 2 groups with respect to ventricular arrhythmias, and compared the repolarization parameters (QTc, ∆QTc, QTac and ∆QTac) of the 2 groups.
The study protocol was in agreement with the guidelines of the ethical committee of the institution and written informed consent was obtained from each patient.
Data Analysis
In each patient, 4 parameters were measured in 3 consecutive heart beats (QT, QTa and Bazett's heart rate corrected QTc and QTac) and averaged in each of the 12 ECG leads. QT and QTa were defined as the intervals from the beginning of QRS complex to the end of the T wave, and the top or nadir of the T wave, respectively, while excluding the U wave. Two parameters of repolarization dispersion were computed: (1) the maximum QTc dispersion (∆QTc), which was defined as the difference between the maximum and minimum QT interval measurements occurring in any of the 12 leads on a standard ECG, and the standard deviation among the measured QTc in all the leads. All measurements were taken from the ECG segment prior to any arrhythmias.
Analysis of variance and Bonferroni's modified t-test were used to comparing the data within a patient group, and Student's t-test compared the data between the patients who experienced ventricular arrhythmia and those which did not.
Results
Twenty-two patients with angina pectoris without previous myocardial infarction were enrolled; their background data, baseline heart rate and QT intervals are presented in Table 1 . All patients had significant coronary stenosis in segment 6 or 7 of the anterior descending coronary artery, and both the 201 Tl myocardial scintigram and ECG showed exercise-induced transient myocardial ischemia in the anterior wall of the left ventricle. No patient showed abnormal Q waves or significant arrhythmias on the ECG before balloon inflation. The mean age of the patients was 66 years; 18 were men and 4 were women.
With balloon inflation, the ST segments in leads V2-5 elevated by 2.0 mm (0.2 mV) or more compared with the pre-inflation ST level. Seven patients showed additional ST segment elevation in lead V1, and 4 patients in lead V6. The heart rate tended to increase with balloon inflation, but not to a significant level. The shape and duration of the QRS complex did not change with balloon inflation in any lead regardless of the elevation of the ST segment.
The averaged QTc tended to be shortened by balloon inflation, but this was not statistically significant in any of the 12 leads. The maximum ST-segment elevation was seen in lead V3 in over two-thirds (16/22) of the patients. The QTc in lead V3 was slightly but insignificantly decreased during balloon inflation (Table 1) . ∆QTc reduced from 0.058±0.016 to 0.045±0.018 with balloon inflation, but again, this was not significant (p<0.1). The average ST segment 3 min after balloon deflation, the QTc interval tended to return to the pre-inflation value with a slight decrease in heart rate. The post-inflation ∆QTc did not significantly change from the ∆QTc during PTCA. The standard deviation of QTc of the 12 leads insignificantly decreased during balloon inflation, and returned to the preinflation level 3 min after the deflation of the balloon. The balloon inflation tended to shorten the QTac, but not significantly. QTac also showed a tendency to decrease during the balloon inflation and return to the pre-inflation value.
Of the 22 patients, 15 had no ventricular arrhythmias during balloon inflation, and 7 showed ventricular arrhythmias in the latter half of the balloon inflation period; 1 patient had a triple premature ventricular contraction (PVC), 3 had a double PVC followed by bigeminy lasting about 30 s, 2 had PVCs with bigeminy and 1 had single type PVCs. A representative record with a double PVC is shown in Fig 2. QTc tended to be longer in the patients with ventricular arrhythmias than the patients without before, during and after the termination of balloon inflation, but the difference did not reach a significant level in any leads in any phase of the study. At the end of balloon inflation, QTc in lead V3 had a tendency to decrease in patients with ventricular arrhythmias, but the magnitude was not statistically significant (Table 2) . QTc in patients without arrhythmias did not change during PTCA. ∆QTc was not significantly different between the 2 groups before the balloon inflation, but its response to balloon inflation was quite different. All 7 patients with ventricular arrhythmias showed a significant (p<0.01) increase in ∆QTc at the end of balloon inflation (0.073± 0.014) compared with the pre-inflation control (0.051± 0.015), whereas the averaged ∆QTc of the patients without arrhythmias decreased significantly at the end of the procedure from 0.063±0.021 to 0.039±0.013 (p<0.01). In the non-arrhythmia patient group, the ∆QTc decreased in 12 patients, increased in 1 and was unchanged in 2 during PTCA (Fig 3) . The standard deviation of QTc of the 12 leads increased in the patients with ventricular arrhythmias during the balloon inflation, whereas PTCA decreased the standard deviation of QTc in the patients without arrhythmias, and the reduction tended to return to the pre-inflation level after the termination of the procedure (Fig 4) .
The averaged QTa did not change significantly with balloon inflation in any of the leads in either patient group (QTa in leads V1-3 showed an insignificant decrease; Table 2 ) ∆QTac during balloon inflation was less in the patients with ventricular arrhythmias than before the balloon inflation, whereas in the patients without arrhythmias ∆QTac was not affected by PTCA. This change was highly significant (p<0.01).
With balloon inflation, the ST-segment began to elevate at around 20 s and peaked within 45 s after the beginning of myocardial ischemia. Of the 22 patients, 12 had STsegment elevation greater than 0.2 mV, and the remaining 10 showed more than 0.3 mV in any of the anterior chest leads during balloon inflation. The averaged maximum STsegment elevation with ventricular arrhythmias was 0.26± 0.02 mV, and was not significantly different from the STsegment elevation (0.23±0.01 mV) in patients without arrhythmias (p=0.23).
Discussion
This study demonstrated that intracoronary balloon inflation did not modify the averaged QT intervals in patients with stable effort angina, but that an increase in the dispersion of the QT interval during PTCA was associated with ventricular tachyarrhythmias.
PTCA is one of the important methods of treating angina pectoris. Usually the balloon inflation is repeated 3-8 times for each coronary lesion until the lumen of the target segment increases to greater than 50% of the luminal diameter of the adjacent normal coronary segment. With each balloon inflation, the ST-segment elevated and the QT interval decreased and it was considered that changes in the ST segment and the QT interval were influenced by each previous balloon inflation. To avoid this effect, study data were acquired only during the first balloon inflation.
The changes in the left ventricular diastolic dimension, autonomic nerve tone and endocrine or paracrine secretion caused by transient ischemia may affect the repolarization process of the ventricle. The lack of significant changes in heart rate and blood pressure during PTCA, however, suggest that changes in autonomic nerve tone and endocrine or paracrine secretion were not significantly modified by the procedure, although we did not assess these functions in the regional left ventricular wall. As indicated by the similar magnitude of elevation of the ST-segment, the extent of myocardial ischemia during balloon inflation did not differ between the patients with and those without ventricular arrhythmias. Although ventricular arrhythmias have been frequently observed during and after PTCA, the mechanism(s) of PTCA-induced arrhythmias is still obscure; depolarization disturbance and/or repolarization abnormalities that produce either reentrant ventricular arrhythmias or increased automaticity have been proposed. Postrepolarization refractoriness may also play a role in random reentry during myocardial ischemia; however there are no methods available to measure this clinically. Zareba et al reported the importance of delayed depolarization as a factor for arrhythmic cardiac death as well as heterogeneous ventricular recovery time. 6 Our finding that the shape and duration of the QRS complex did not change throughout balloon inflation indicates that disturbance of ventricular depolarization may not be responsible for PTCA-induced ventricular arrhythmias.
We used ∆QTc and standard deviation of QTc (QTcSD) to investigate the dispersion of ventricular repolarization. The results revealed that increases in both indices of repolarization dispersion during intracoronary balloon inflation are associated with ventricular arrhythmias. Dispersion of repolarization has been proposed as a measure of repolarization heterogeneity 1,2,7 and increased dispersion has been found to be associated with an increased incidence of malignant ventricular arrhythmias 8 in patients with long QT syndrome, 2,9 hypertrophic cardiomyopathy 10, 11 and congestive heart failure. 3 In ischemic heart disease, many investigators have reported a close relationship between repolarization heterogeneity and malignant ventricular arrhythmias, 12,13 although Endoh et al failed to find QT dispersion useful as a marker for ventricular arrhythmias in patients with acute myocardial infarction. 14 In patients with a history of sustained ventricular tachycardia (VT) after myocardial infarction, an increased dispersion of the QTc interval was found when compared with the QTc in patients without VT. 15 However, Dristas et al analyzed the ECGs of patients with high-grade ventricular extrasystole without sustained VT after a myocardial infarction and failed to find the same relation. 16 Although none of the present 22 patients had a history of spontaneous VT, PTCA-induced ventricular arrhythmias could be related to ventricular repolarization heterogeneity. This study shows that QT dispersion is a valid index of PTCA-induced ventricular arrhythmias. We consider that it may also be a valid measure in spontaneous ventricular arrhythmias, although this would be difficult to study. A stepwise reduction of QT dispersion with an increasing number of balloon inflations and deflations was reported in patients with and without previous myocardial infarction, 17 which suggests that ischemic preconditioning increases the electrophysiological stability of the myocardium, although none of those patients showed arrhythmic events during the course of the procedure and we cannot understand why none of the 47 patients of their study had ventricular arrhythmias during PTCA; it is not unusual that a short-lasting myocardial ischemia causes ventricular arrhythmias. Because we analyzed the QT interval before and after the first inflation to avoid the effect of ischemic preconditioning on ventricular repolarization, it is hard to interpret the effect of ischemic preconditioning.
Perkiomaki et al divided the QT interval of patients with ventricular arrhythmias after a previous myocardial infarction into 2 components: the interval from the onset of the QRS complex to the apex of the T wave (QTa) and the interval from the apex to the end of the T wave (Te). 13 They found that broad dispersion of the total QT interval was mainly caused by dispersion of the Te rather than QTa interval. The present results are comparable to the Perkiomaki's report; the dispersion of QTac was rather less during the balloon inflation than before PTCA. Thus, the regional difference of the latter part of ventricular repolarization is mainly responsible for the inhomogeneities in myocardial recovery time, and may be important for arrhythmogenesis.
